Study Design. Meta-analysis to collect all eligible studies for investigating whether cartilage intermediate layer protein (CILP) gene rs2073711 polymorphism is associated with susceptibility to intervertebral disc degeneration (IVD). Objective. To investigate the association between CILP gene rs2073711 and IVD. Summary of Background Data. CILP is one of the limited genes that is being suggested to be associated with IVD. However, previous association study results of CILP and IVD are conflicted. Methods. The PubMed, ISI Web of Science, Science Direct Online, and China National Knowledge Infrastructure database were searched for relevant articles till November 1, 2015. The odds ratio (OR) and related 95% confidence interval (CI) were drawn out and merged to assess the strength of association by STATA version 12.0. Results. A total of 1551 IVD cases and 1793 controls from the 5 studies were used in this study, comprising four Asian populations and two European populations. Meta-analysis found that the CILP 2073711 polymorphism was significantly associated with IVD risk. The estimated OR of risk allele T of rs2073711 was 1.36. (95% CI ¼ 1.18-1.55, P < 0.001). No significant heterogeneity and publication bias were observed in this study.
C hronic low-back pain (LBP) is a common disabling and costly condition worldwide. 1 It was reported that about 70% to 85% of people suffered from LBP during their lifetime. 2 As the largest contributor to the number of people living with disability, it was estimated that LBP generated approximately s2.6 billion direct cost and s4.1 billion productivity loss annually in Switzerland. 3, 4 Intervertebral disc degeneration (IVD) is one of the primary pathological processes resulting in LBP. [5] [6] [7] [8] Most of IVD patients in the early stage are asymptomatic, yet subsequent disk herniation leads to various pathologies, such as segment instability, spinal stenosis, and nerve compression. 6 Because of the elusive etiology and pathogenesis of IVD, there is a few effective early prevention and cure approaches for IVD now. Conservative management or surgeries are capable of alleviating clinical symptoms temporarily, but generally unable to eliminate IVD.
It has been demonstrated that IVD is heritable. 9, 10 Recent multiple studies focused on the genetic role of CILP gene polymorphism rs2073711 in the etiology of IVD. [11] [12] [13] [14] [15] [16] [17] The association between CILP rs2073711 polymorphism and IVD was firstly reported by Seki et al. 16 However, further studies on the association between CILP polymorphism and IVD susceptibility were conflict. For instance, Virtanen et al 15 did not find significant association between CILP and IVD in Chinese or Finnish populations. The results of Min et al 11, 14 seemed to be concordant with the initial findings of Seki et al, 16 but their further study using a large population showed that the association between CILP and IVD existed only in males. In contrast, another study in Finnish population detected association between CILP polymorphism and IVD only in females.
The conflicting association results of CILP polymorphisms and IVD susceptibility limit the pathogenetic studies of IVD. 18, 19 In this study, we conducted the first metaanalysis of genetic association studies of CILP polymorphisms and IVD. Our results may provide more accurate estimate of the relevance of CILP with IVD.
MATERIALS AND METHODS

Search Strategy
The PubMed, ISI Web of Science, Science Direct Online (SDOL), and China National Knowledge Infrastructure (CNKI) database were searched for relevant articles by the first and second authors, separately. To recognize all possible articles, the key words were set utilizing the combinations of following words: cartilage intermediate layer protein, CILP, polymorphism, and disc. To identify eligible studies, the articles were selected according to the strategies below:
Strategy for inclusion:
(1) Case-control studies.
(2) Human tissues based studies.
(3) Sufficient data for acquiring odds ratios (ORs) with corresponding 95% confidence interval (CI).
Strategy for exclusion:
(1) Studies on disc disease other than disc degeneration. The references of each qualified article were also investigated manually for assuring that we did not miss any studies that were not included in the databases mentioned above.
Data Extraction
The following information was carefully extracted from all qualified studies: authors, years of publication, nations, and ethnicities of study populations, numbers of cases and controls, OR, and related 95% CI of rs2073711.
Statistical Analysis
The studies with HWE test P > 0.05 were considered disequilibrium and excluded from further analysis. The strength of association between IVD and CILP polymorphism rs2073711 was evaluated through merging ORs and corresponding 95% CI. The between-study heterogeneity was assessed by Cochran Q test and further quantified by I 2 statistic, whereI
Heterogeneity test was considered significant with Cochran Q test P > 0.1 and I 2 > 50%. 20 When heterogeneity existed, the random-effects model was chosen for the calculation of pooled ORs; otherwise, the fixed-effects model was applied. 21 Subgroup analysis of ethnicity was conducted.
Publication bias was assessed utilizing Begg's funnel plot and Eggers' test. 22, 23 To ensure that no single study was over responsible for the combined ORs, sensitivity analysis was conducted to evaluate the impact of every single study on overall ORs by withdrawing one study population each time. All the analysis was performed by STATA version 12.0 (StataCorp LP, College Station, TX).
RESULTS
Characteristics of Included Studies
As presented by Figure 1 , until November 1, 2015, 212 records were identified by the key word combination. Six records were removed as duplicated ones; 194 articles were excluded according to the inclusion/exclusion criteria. After reading the full articles, five studies 11, 12, [14] [15] [16] were finally included into this study. Totally, 1551 IVD cases and 1793 controls from the five studies were used in this metaanalysis, comprising four Asian populations and two European populations. All study samples conformed to the Hardy-Weinberg equilibrium ( Table 1 ). The pooled ORs and related CIs were listed in Table 1 .
Meta-analysis of rs2073711 Polymorphisms and IVD
No significant heterogeneity among the five studies was observed (heterogeneity test x 2 ¼ 7.84, P ¼ 0.165, I 2 ¼ 36.2%). The fixed-effects model was applied for evaluating the association between rs2073711 and IVD. We found that rs2073711 polymorphism was significantly associated with IVD risk. The estimated OR of risk allele T of rs2073711 was 1.36 (95% CI ¼ 1.18-1.55, P < 0.001). Subgroup Analysis, Sensitivity Analysis, and Publication Bias
Despite the fact that heterogeneity test indicated no significant heterogeneity among different studies, our study samples consisted of Asian and European populations. Therefore, we conducted subgroup analysis of ethnic. As shown by Figure 2 , the overall heterogeneity was attributed to Asian samples whereas no heterogeneity appeared in European samples.
Sensitivity analysis was conducted to evaluate the impact of every single study population on overall ORs. We did not observed significant difference in overall ORs whichever study was omitted ( Table 1 ), indicating that no single study was over responsible for the combined ORs.
To assess the possible publication bias of this study, we performed Begg's test and Egger's test. No significant bias was observed in our study (Begg's test: P ¼ 0.133, Egger's test: P ¼ 0.256), as shown in Figure 3 .
DISCUSSION AND CONCLUSION
It has been demonstrated that more than 60% risk of IVD can been explained by genetic factors. 10 Extensive studies have been paid to clarify the genetic mechanism of IVD. However, the genetic basis of IVD remains unclear now. CILP gene is one of the limited genes that have been suggested to be associated with IVD. However, current genetic association study results of IVD and CILP are inconsistency, limiting our efforts to clarify the pathogenesis of IVD. The sample sizes of some previous studies were relatively small, which might be difficult to detect the genetic effect of CLIP on IVD. In addition, different ethnic origins, age, and sex compositions of study samples may also contribute to the divergent association results of CILP and IVD. Therefore, to systematically evaluate the predisposing genetic effects of CILP polymorphism on the risk of IVD, we conducted a meta-analysis of genetic studies of CILP, totally involving 1551 IVD patients and 1793 healthy controls. We 24 Functional studies found that CILP protein was capable of affecting cartilage scaffolding by antagonizing the functions of TGF-beta1 and IGF1. 16, 25 The important role of CILP in the development of osteoarthritis has been demonstrated. 26, 27 For instance, genetic study found that CILP polymorphism was significantly associated with the progression of OA. 27 CILP protein was down-regulated in mouse osteoarthritic cartilage. 26 These study results support the implication of CILP in cartilage degeneration. Furthermore, transgenic mice study has found that overexpression of CILP in nucleus pulposus led to disc degeneration. 25 Integrating previous and our study results, we may infer that CILP also contributed to the development of IVD. Further studies are warranted to uncover the potential molecular mechanism of CILP underlying the development of IVD.
It should be noted that most of enrolled studies did not include sex-specific association analysis of CILP, which made us unable to perform sex-specific analysis. The impact of sex on the association between CILP polymorphisms and IVD risk is worthy of further studies. Besides, the subgroup analysis detected heterogeneity in Asian samples, but not in European samples. This is probably because of the fact that the Asian samples consisted of Japanese and Chinese subjects, whereas the European samples only came from Finnish.
In conclusion, we conducted a meta-analysis of genetic association studies of IVD using 3344 study subjects. Our results confirm the positive association between CILP gene and IVD. The allele T of rs2073711 of CILP is the high-risk allele for IVD. To the best of our knowledge, this is the first meta-analysis investigating the relationship between CILP and IVD. Our results provide novel clues for clarifying the role of CILP in the pathogenesis of IVD.
Key Points
Multiple studies focused on the genetic role of CILP gene polymorphism rs2073711 in the etiology of IVD, yet have yielded contradictory results. A meta-analysis of all the eligible studies may increase the power, therefore providing a more reliable and accurate measurement of the association between CILP and IVD. Meta-analysis of six populations, including 1551 IVD cases and 1793 controls indicated that the CILP rs2073711 was significantly associated with IVD. More studies with larger sample sizes are required to evaluate the potential impact of sex on the association between CILP and IVD.
